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to minimize the risk of hyperphos-
phatemia is interesting but would require 
extensive study. Establishing whether anti-
FGF23 antibodies have a clinical role in 
CKD is one of many next logical steps in 
the ongoing, comprehensive development 
plan of FGF23 for clinical practice. 
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 Specialized cells along the collecting 
duct —  - and   -intercalated cells — carry 
out acid or base secretion. The   - and 
  -intercalated cells are functional mirror 
images of one another. Th e   -intercalated 
cell mediates H   +   secretion and the 
  -intercalated cell HCO 3   −   secretion. Acid /
 base secretion in these cells is driven by an 
active pump, the vacuolar H   +   -ATPase, 
inserted into one plasma membrane 
domain, and there is a passive, base 
exit step, a Cl   −   / HCO 3   −   exchanger, in 
the opposite membrane domain. The 
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 Collecting duct intercalated cells respond to short-term acid / base 
perturbations by rapidly shuttling H   +   -ATPase to and from the plasma 
membrane. Purkerson  et al. provide information on the regulation of the 
anion transporters during chronic acidosis and acute recovery 
(alkalosis). They found that the major mechanism for both acute and 
chronic states is regulation of both the H   +   -ATPase and the anion 
exchangers plus changes in the overall expression level of these anion 
transporters in chronic adaptation. 
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  -intercalated cell has its vacuolar H   +   -
ATPase inserted into the apical membrane 
and an anion exchanger, AE1, inserted into 
the basolateral membrane. In contrast, in 
  -intercalated cells, the H   +   -ATPase is 
inserted into the basolateral domain, and 
pendrin is the anion exchanger inserted 
into the apical membrane of these cells. 
 Regulation of net acid / base transport by 
collecting duct intercalated cells, induced 
by systemic acid / base changes, is moder-
ated by both short-term (minutes) and 
long-term (hours to days) processes. 1 
It has been widely accepted that short-
term acid / base regulation is achieved pri-
marily by exocytic insertion of sub-plasma 
membrane H   +   -ATPase-coated vesicles 
into the plasma membrane and down-
regulation by endocytic retrieval of the 
H   +   -ATPase back into the sub-membrane 
vesicular pool in both   - and   -interca-
lated cells ( Figure 1 ). 1 Th e signal cascade 
and molecular mechanism for acidosis-
induced exocytic insertion of the H   +   -
ATPase into the apical membrane of 
  -intercalated cells has been characterized 
in some detail. 2 Fusion of these vesicles is 
SNARE dependent. Apical membrane syn-
taxin-1 and SNAP23 form complexes with 
VAMP-2 that is localized on the surface of 
H   +   -ATPase-coated vesicles. Th is SNARE 
fusion complex, along with  N -ethylmale-
imide-sensitive factor (NSF), induces the 
fusion of the vesicle with the apical mem-
brane. Th e signal cascade that activates 
exocytosis in   -intercalated cells is initiated 
by a fall in cell pH and rise in cell calcium. 3 
Recent evidence also points to a role for 
HCO 3   −   -sensitive, soluble adenylate cyclase 
in the signal cascade. 4 Th e information for 
targeting of the H   +   -ATPase-coated vesicle 
to the appropriate membrane (apical and /
 or basolateral domains) is in part contained 
within the H   +   -ATPase itself. 5 
 Less attention has been paid to regula-
tion by changes in the systemic acid / base 
status of the passive HCO 3   −   exit step across 
the basolateral membrane of   -interca-
lated cells or the apical membrane of   -
intercalated cells. Although systemic 
acidosis induces increased basolateral 
expression of AE1 in   -intercalated cells 
and alkalosis increases expression of api-
cal membrane pendrin in   -intercalated 
cells, the mechanism for and kinetics of 
these changes have not been elucidated. 6,7 
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Our assumption is that the short-term 
regulation of the passive exit step is func-
tionally similar to regulation of the vacu-
olar H   +   -ATPases. Presumably these anion 
exchangers are in a vesicular storage pool 
that fuses with the target membrane when 
upregulation is signaled. 
 Long-term regulation of intercalated-
cell function includes not only redistribu-
tion of the active and passive transporters 
that mediate acid / base secretion but also 
changes in the expression level of these 
proteins and a change in the relative 
number of   - to   -intercalated cells 
through a proposed Hensin-mediated 
interconversion. 8,9 All of these potential 
long-term steps for regulation of interca-
lated-cell function have been individually 
studied in various model systems, but 
there has been no one comprehensive 
study that includes all of these variables in 
addition to an assessment of their role in 
modifying physiological function. Th is 
type of comprehensive study would allow 
us to estimate the degree to which each of 
these adaptive long-term changes contrib-
utes to the adaptive physiological 
response. Such a study, by Purkerson 
 et al. , 10 is reported in this issue of  Kidney 
International . 
 In this study, chronic acid loading fol-
lowed by recovery converted rabbits from 
net HCO 3   −   secretors to net H   +   secretors; 
then, with recovery by alkali feeding, H   +  
excretion returned to baseline. In isolated 
perfused cortical collecting ducts from 
these animals, a 50 % increase in HCO 3   −  
secretion was shown to be accompanied 
by equivalent changes in apical mem-
brane content and cell expression of pen-
drin by   -intercalated cells with recovery 
from acidosis. In concert with the increase 
in HCO 3   −   secretion with recovery from 
acidosis, there was a smaller decline in 
H   +   secretion (approximately half that of 
HCO 3   −   secretion). Th is functional change 
was also accompanied by a proportional 
decline in AE1 basolateral membrane 
content and total cell expression of AE1 
in   -intercalated cells. Even though there 
was no change in the total number of 
intercalated cells, a small but measureable 
degree ( ~ 20 % ) of conversion of   - to   -
intercalated cells was observed with aci-
dosis, and this conversion was reversed 
with recovery from acidosis. Further-
more, the level of expression of the B1 
subunit of the H   +   -ATPase did not 
change. Th us, the study by Purkerson 
 et al. 10 provides strong evidence that the 
major adaptive changes that are observed 
with prolonged acid / base perturbations 
that account for the functional transport 
changes occur through amplifi cation and 
depletion of the plasma membrane con-
tent of the assembled H   +   -ATPase and 
anion transporters. Th e large changes in 
apical membrane pendrin content and 
basolateral membrane content of AE1 
imply that the HCO 3   −   exit step out 
of these   - and   -intercalated cells is a 
rate-limiting step for transport. In addi-
tion to these changes, there is a small 
shift  in intercalated-cell type from   to   
or vice versa that participates in the 
adaptation process. 
 Th e amount of H   +   -ATPase, pendrin, 
and AE1 in the plasma membrane is 
the consequence of a balance between 
exocytic insertion, endocytic retrieval, 
and the overall expression level for each of 
the proteins. 11 Th ere is very little informa-
tion concerning how the exo- and endo-
cytic cycle for these three transporters is 
regulated, or even concerning the eff ec-
tors of this process, other than, as noted 
above, for the exocytic insertion of the 
H   +   -ATPase into the apical membrane of 
  -intercalated cells. Th e expression levels 
of pendrin and AE1 respond to changes 
in systemic acid / base balance. 6,7,12 Alkalosis 
upregulates pendrin by transcriptional –
 translational processes. AE1 expression 
is increased during acidosis. In one study 
the increase was mediated by a transcrip-
tional – translational mechanism. 6 On the 
other hand, Purkerson  et al. 10 demon-
strated that the increase was mediated by 
a post-translational mechanism. In their 
study, the half-life of AE1 was increased 
when AE1 was shifted from an endo-
somal pool to the plasma membrane. 
Th erefore, AE1 expression can increase 
with acidosis without an alteration in the 
mRNA level. 10 
 Th e eff ect of changes in acid / base bal-
ance on the expression level of the H   +   -
ATPase is less clear than the evidence for 
the anion exchanger. Some studies report 
increases and others do not. The H   +   -
ATPase is a complex hetero-oligomer 
consisting of 13 diff erent polypeptides, 
several of which are present in multiple 
copies, such as the B1 and A subunits, 
which have three copies present in each 
fully assembled ATPase. In general, the 
level of expression of the H   +   -ATPase has 
been determined by assessment of only 
one subunit by either western or northern 
blot analysis. It is not entirely clear that 
the subunits evaluated, such as the B1 of 
the H   +   -ATPase, are a good index for total 
H   +   -ATPase expression. When subunit A 
was used in one study, acidosis induced an 
increase in the expression of A at both the 
protein and the mRNA level. 12 In another 
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 Figure 1  |  Adaptation of intercalated cells to changes in systemic pH . Systemic acidosis leads 
to a fall in cell pH (pH i ). This fall in pH i signals exocytic insertion of H 
  +   -ATPase into the apical 
membrane and AE1 into the basolateral membrane of   -intercalated cells. In   -intercalated cells 
the fall in pH i induces retrieval of H 
  +   -ATPase from the basolateral membrane and pendrin from 
the apical membrane. Finally, a fall in extracellular pH (pHo ) induces the secretion of Hensin into 
the substratum on which the cells are attached, and this induces the interconversion of   - to 
  -intercalated cells. The effects of systemic alkalosis on trafficking of the H   +   -ATPase and anion 
exchangers in intercalated cells are opposite to those of acidosis. 
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study, acidosis induced with acetazola-
mide treatment resulted in the appearance 
of B2 in the apical membrane of   -inter-
calated cells, suggesting that another H   +   -
ATPase or an H   +   -ATPase that includes 
both B1 and B2 can be recruited to the 
plasma membrane when assembly of the 
holoenzyme is stressed. 13 
 Intercalated cells are highly dynamic 
and can rapidly respond to the signals 
induced by systemic acid / base changes to 
reduce or increase their rate of vectoral 
acid secretion. Th e major mechanism uti-
lized for adjusting the transport rate in 
both acute and chronic states is up- or 
downregulation of the H   +   -ATPase and 
anion exchangers (AE1 in   -intercalated 
and pendrin in   -intercalated cells) 
inserted into the apical and basolateral 
membranes. Long-term adaptation uti-
lizes this same response in addition to 
changes in the overall expression level of 
these transporters and, at some yet-to-be-
quantitated rate, the interconversion of 
  - and   -intercalated cells. 
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 In 1961, Sarles  et al. fi rst described an entity 
of sclerosing pancreatitis with hypergam-
maglobulinemia and hypothesized that this 
entity was an autoimmune phenomenon. 1 
Since then, this disease has been recog-
nized as being related to increased IgG4, 
both as elevated levels of IgG4 in patient 
serum and in tissue sections with increased 
IgG4   +   plasma cells. In the past few years, 
the extrapancreatic features of  ‘ autoim-
mune pancreatitis ’ (AIP) have been recog-
nized, 2 thus calling for a new name for the 
disease. Now, IgG4-related systemic disease 
has been described in nearly every organ 
and organ system, fi rst recognized in the 
pancreas, and then recognized in the liver, 
 gallbladder, other gastrointestinal sites 
(sometimes including infl ammatory bowel 
disease), salivary or lacrimal glands, lung, 
breast, retroperitoneum, lymph nodes, 
pituitary gland, prostate, and aorta. 
 Th e entity of IgG4-related systemic dis-
ease, while enjoying increased attention in 
the literature, has been largely unrecognized 
in regular clinical practice, especially when 
it aff ects organs outside of the pancreas. 
This disease is even more likely to be 
un diagnosed in the kidney, when renal 
biopsies of IgG4-related disease are diag-
nosed simply as tubulointerstitial nephritis 
(TIN) without a more specific diagnosis 
indicating the underlying cause of this dis-
ease pattern. As with glomerular diseases, 
which are, for the most part, specifi c and well 
defi ned in terms of histologic, ultrastruc-
tural, and immunophenotypic features, 
pathologists and clinicians should strive 
to identify and describe tubulointerstitial 
diseases in the same manner, with clinico-
pathologic correlation. TIN may be 
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 Tubulointerstitial nephritis (TIN) is a disease pattern with heterogeneous 
causes. Recently a specific subtype of autoimmune TIN, IgG4-related 
TIN, has been identified that is part of systemic IgG4-related disease/ 
autoimmune pancreatitis. On biopsy, this TIN shows an IgG4 +  plasma 
cell-rich infiltrate, akin to the pancreatic tissue findings in autoimmune 
pancreatitis, and may show tubulointerstitial immune complex deposits. 
Notably, some cases may be mass-forming. Recognition of this specific 
type of TIN can guide appropriate patient therapy. 
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